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or usefulness or any information, apparatus, product or f o r t h e DEPARTMENT OF ENERGY * and managing t h e change caused by a major c o n s t r u c t i o n p r o j e c t .
The e m p i r i c a l case used as a focus f o r t h i s work i s t h e H a r t s v i l l e , Tennessee, f o u r -r e a c t o r n u c l e a r power p l a n t now under construction. I n our research, the impacts o f such major p r o j e c t s a r e considered from several perspectives.
The f i r s t perspective, described i n d e t a i l here, gives s p e c i f i c i t y t o t h e r e g i o n a l economic and demographic consequences o f t h e c o n s t r u c t i o n and o p e r a t i o n o f t h e p l a n t . E s s e n t i a l l y a monitoring process, t h e study of many types o f economic and demographic impacts can be done r e a d i l y and can y i e l d valuable r e s u l t s . ? The economic consequences o f t h e i n t e rv e n t i o n c o n s t i t u t e one c l a s s of information, which includes both changes i n t h e magnitude and changes i n t h e s t r u c t u r e o f the economic system as w e l l as important d i s t r i b u t i o n a l issues. We have, w i t h i n t h e l i m i t s imposed by the resources a v a i l a b l e t o us,-identi-fied and s e t some l i m i t s t o t h e economic and p o p u l a t i o n changes a n t i c i p a t e d t o r e s u l t from t h e c o n s t r u c t i o n and o p e r a t i o n o f t h e H a r t s v i l l e nuclear p l a n t .
A second p u r e l y e x p l o r a t~r y and conceptual p a r t o f t h i s research n o t published here provides a framework f o r f u r t h e r study. Concurrent changes i n the s t r u c t u r e and t h e i n t e n s i t y o f social! i n t e r a c t i o n are monitored and a n t i c i p a t e d t o i d e n t i f y q u a n t i t a t i v e l y key s o c i a l con-
sequences. W e study t h e nature o f the i n t e r a c t i o n s among i n d i v i d u a l s w i t h i n a community, p a r t i c u l a r l y as t h i s i n t e r a c t i o n i s a r e f l e c t i o n o f and dependent on t h e degree of community s o l i d a r i t y . W e would assume t h a t a r i c h web of t i e s w i t h i n a community would r e s u l t i n much i n t e ra c t i o n and p o t e n t i a l f o r change i n values o r a t t i t u d e s , and, as a f u r t h e r consequence, one would a n t i c i p a t e an intense and e f f e c t i v e r e a c t i o n t o t h e s p e c i f i c i n t e r v e n t i o n . Because of i t s h i g h l y e x p l o r a t o r y and t e n t at i v e nature, however, i t would be premature t o p u b l i s h t h i s second p a r t .
The research a l s o focuses more narrowly on t h e t o p i c o f standards. Generally associated w i t h economic and demographic changes are s h i f t s i n soclal s t r u c t u r e s and processes as w e l l as m o d i f i c a t i o n s o f values, We l o o k a t the substance of impact assessment standards and t h e process by which these a r e s e t as one important aspect o f organizational i n t e ra c t i o n . I n the study of any a l t e r a t i o n of such standards becomes a necessary p a r t o f any monitoring o f t h e e f f e c t s ( s o c i a l and economic, among o t h e r s ) o f an i n t e r v e n t i o n such as c o n s t r u c t i o n o f a power plant.+ * I n s o f a r as t h e r e i s confidence i n causal modeling (Putman 1971).
?~n important d i s t i n c t i o n must be made. WP note t h a t t h e l i t e r a t u r e i s ambiguous i n t h e terminology used; t h i s leads t o confusion o f the methods t o be employed. Consider c o n s t r u c t i o n o f a power p l a n t . Associated w i t h t h i s -presumably i n a causal fashion -i s changed demographic s t r u c t u r e , a l t e r e d l e v e l of income i n the immediate surroundings, o r o t h e r consequences. Studies of t h e effect of such a p r o j e c t use t h e word "impact" t o i n d i c a t e b o t h t h e c o n s t r u c t i o n and t h e socioeconomic change. W e suggest t h a t t h e word " i n t e r v e n t i o n " be used t o designate t h e f i r s t ( c o n s t r u c t i o n , say, of a power p l a n t ) and t h a t "impact" r e f e r o n l y t o t h e second ( t h e effects, such as t h e economic and t h e s o c i a l ) .
'~e c a u s e o f i t s h i g h l y p r e l i m i n a r y character the l a s t p a r t o f t h e r e p o r t i s also n o t published.
ANALYSIS OF REGIONAL ECONOMIC IMPACT
One necessary i n g r e d i e n t o f any comprehensive socioeconomic impact a n a l y s i s i s an assessment o f t h e l o c a l economic and demographic changes associated w i t h t h e s u b j e c t development o r i n t e r v e n t i o n . I n t h i s section, some o f these economic and demographic changes are estimated i n order t o provide t h e e m p i r i c a l c o n t e x t f o r o t h e r p a r t s o f t h e study. Although t h i s s e c t i o n i s n o t intended t o provide a new approach t o such estimating, i t does provide a necessary q u a n t i t a t i v e foundation on which subsequent s o c i a l and economic impact assessment o f t h e H a r t s v i l l e area can be b u i 1 t.
The approach taken i n t h i s s e c t i o n i s aimed a t ongoing impact assessment and monitoring. Consequently, an attempt has been made t o make e x p l i c i t a l l assumptive and estimated values o f parameters and v a r i a b l e s . Thus, i f t h e reader disagrees w i t h an assumption o r parametric value o r i f l a t e r i n f o r m a t i o n d i f f e r s from assumptions made, t h e a n a l y s i s can be m o d i f i e d accordingly. This, o f course, i m p l i e s a r e s p o n s i b i l i t y on t h e p a r t o f t h e users o f t h e i n f o r m a t i o n t o s a t i s f y themselves t h a t t h e a n a l y s i s i s updated w i t h t h e l a t e s t a v a i l a b l e data.
The approach used i s a standard m u l t i p l i e r analysis, one which f o l l o w s from s i m i l a r s t u d i e s by I s a r d e t a1. (1925; 1976) and from method-01 ogy suggested by Stenehjem and Metzger (1976) .
Stated b r i e f l y , t h i s approach i s based on t h e premise t h a t income, employment, and production w i l l be determined by t h e demands f o r t h e m a t e r i a l s and l a b o r r e q u i r e d t o c o n s t r u c t and operate t h e n u c l e a r power p l a n t a t H a r t s v i l l e , Tennessee.
To proceed w i t h a mu1 t i p 1 i e r a n a l y s i s , a .precise d e f i n i t i o n o f t h e study r e g i o n i s u s e f u l . The study r e g i o n a p p r o p r i a t e f o r o u r purposes, as determined by c o n s u l t a t i o n w i t h Oak Ridge National Laboratory (ORNL) personnel, includes t h e f o l l o w i n g s i x Tennessee counties ( Lebanon , These counties were selected because-,early i n f o r m a t i o n from t h e s i t e i n d i c a t e d t h a t t h e residences o f c o n s t r u c t i o n workers.would be r e s t r i c t e d * The i n p u t -o u t p u t approach undertaken by I s a r d e t a l . (1966) f o r t h e P h i l a d e l p h i a r e g i o n i s n o t a p p r o p r i a t e f o r . t h e H a r t s v i l l e r e g i o n because o f i t s 1 ess coniplex i n t e r i n d u s t r y s t r u c t u r e . l a r g e l y t o t h i s area (TVA 1977) . I n a d d i t i o n , our own c o n s i d e r a t i o n of t h e economic s t r u c t u r e o f t h e r e g i o n i n d i c a t e s t h a t l o c a l l y supplied goods and services necessitated by t h e p l a n t ( d i r e c t , i n d i r e c t , and induced) w i l l come p r i m a r i l y from these s i x counties. T h i s area d i f f e r s s l i g h t l y from t h e five-county study r e g i o n used i n e a r l i e r work by the Tennessee Val l e y A u t h o r i t y (TVA) and ORNL [e.g., t h e H a r t s v i l l e environmental statement (NRC 1975) ] by t h e i n c l u s i o n of Davidson County. This a d d i t i o n was made because o f t h e importance of m e t r o p o l i t a n N a s h v i l l e as t h e supply center f o r t h e region, and because through September 1976 about 25% o f t h e c o n s t r u c t i o n workers r e s i d e n t i n t h e six-county region made t h e i r homes i n Davidson County (TVA 1977) .
The o v e r a l l r e g i o n i s being s t u d i e d i n s t e a d o f t h e component counties and l o c a l i t i e s f o r two reasons. F i r s t , from our b r i e f l o o k a t t h e r e g i o n a l economic s t r u c t u r e (e.g., supply patterns, commuting patt e r n ) , t h i s broader r e g i o n i s judged t o be t h e a p p r o p r i a t e s p a t i a l u n i t through which t o examine r e l e v a n t economic impacts; t h e s i g n i f i c a n t economic impacts w i l l be f e l t p r i m a r i l y over t h e s i x designated counties. Second, t h e i n d i v i d u a l counties and l o c a l i t i e s were s t u d i e d and a r e cont i n u i n g t o be monitored by TVA and ORNL (e.g., NRC 1975; TVA 1977; and ORNL 1977) . What i s missing, however, i s a broader p i c t u r e o f t h e economic impact. I n . a d d i t i o n t o f i l l i n g o u t t h e l o c a l impact assessment, t h i s overview can be used by others, f o r instance, by s t a t e o r federal o f f i c i a l s concerned w i t h t h e question o f e q u i t y among regions.
The f o l l o w i n g step-by-step a n a l y s i s describes t h e elements t o be considered and nethod t o be used i n our determination o f economic impact:
1. The c o n s t r u c t i o n o f a f o u r -r e a c t o r nuclear p l a n t a t H a r t s v i l l e causes a demand f o r c e r t a i n amounts o f s p e c i f i c m a t e r i a l s and f o r d i r e c t l a b o r o f s p e c i f i e d s k i l l s i n f a i r l y well-known q u a n t i t i e s . Labor i s 1 i kewi se r e q u i r e d f o r o p e r a t i o n and maintenance (O&M) . (Some m a t e r i a l s a r e a l s o required, b u t they a r e n e g l i g i b l e . ) Thus, as a s t a r t i n g p o i n t , an o v e r a l l material-requirement schedule and a l a b o r -i n p u t schedule a r e required. W e draw an analogy between these schedules and a " r e c i p e " f o r a f i n i s h e d p l a n t , which might i n c l u d e s p e c i f i c a t i o n by time as w e l l as by t y Pe 2. The m a t e r i a l r e c i p e can then be disaggregated-i n t o two components: those supplied l o c a l l y and those imported i n t o t h e r e g i o n ( t h e s i xcounty study r e g i o n designated above as t h e a p p r o p r i a t e area). This i s done by a m a t e r i a l -s u p p l y v e c t o r t h a t d e p i c t s t h e r e l e v a n t proportions.
3. Next, a s i m i l a r labor-supply v e c t o r i s r e q u i r e d t o i n d i c a t e t h e source of t h e l a b o r needed t o b u i l d t h e p l a n t , t h a t i s , t h e r e g i o n i t s e l f vs t h e o u t s i d e area. I n s o f a r as i s possible, t h i s information should be speci.f .ied year. by year.
4. Items 1 through 3 permit e s t i m a t i o n o f d i r e c t i n p u t s t o t h e r e g i o n ' s economy. These i n p u t s must then be p r i c e d u s i n g estimated m a t e r i a l costs and wage r a t e s . For l a b o r inputs, one must a l s o estimate where t h e wages p a i d are spent, both w i t h reference t o t h e economic s e c t o r as w e l l as t o t h e geographic area (i.e., w i t h i n t h e r e g i o n or without). For this, a consumer-demand schedule and estimated rates of leakage from the region are required.
5. Once direct impacts are estimated, indirect and induced effects on the region's economy can be calculated. For materials, this is done directly with an appropriate mu1 tipl ier. A standard mu1 tipl ier analysis can be undertaken for labor inputs as well.
6. Finally, the estimated economic impacts derived from the preceding steps must be translated into changes in population, employment, demand for housing and services, commuting patterns, etc., within the region. Again, certain commonly accepted factors are used.
These elements are described, in turn, in the following subsections.
Material Inputs
In Appendix B we present our estimate, from an earlier study (Isard et al'. 1976) , of the material inputs required to construct a 2400-MW nuclear plant in the Philadelphia region. This material-requirement schedule, which is based on U.S. Atomic Energy Commission documents and! or consultations with engineering personnel of a New Jersey utility company, is disaggregated by four-digit Standard Industrial Classification (SIC) and by geographic source (i.e;, within or without the Philadelphia region).
Using this estimate, we prepared a similar table for the Hartsville rcgion (Tab1 e 1 ) . rirst, we ilel eled lliust! i~ia'terlal s not 11 kely to be produced within the region as determined from the Census of Manufactures (1973) and from the informed opinion of local persons. Obviousl,~, the number and magnitude of these deletions are great because of the significant differences between the industrial bases of the Phi 1 adel phia and the Hartsvil le regions (the Hartsvil le region is basically a generously drawn Nashville region). Our rule of thumb in ma.king these deletions was to assume that what can be supplied locally will be supplied locally. Obviously this results in a liberal estimate of the regional effects of material purchases, but> this method is preferred for two reasons. First, it is relatively unambiguous and allows the reader to modify our work easily to suit his or her own assumptions regarding supply patterns. The second reason involves the identification of certain local economic opportunities; that is, both the local material-input schedule for the Hartsville plant, as we1 ' I as the differences between the 'I ist of local material inputs for the Philadelphia region and the shorter list for the Hartsville region, may suggest certain economic opportunities for the Hartsville region. For example, 1972 production levels in the fabricated structural-metal products sectors (SIC 344) in the Hartsville region totaled about $250 million annually, a fairly large capacity. The plant itself calls for about $100 million worth of fabricated structural-metal products over the,course of the construction period. Thus, suppliers in the Hartsville region might be in an advantageous position for supplying much of the demand given the relative magnitudes of the demand and of the existing and possible expanded capacities. '~stimates are given in 1975 dollars. b~~~ 7301 covers engineering, construction, management, and field supervision (i .e., professional services). The design work and the home office component of the construction management are being done at the Knoxville TVA offices (i .e., not within the study region). According to WASH-1 230 (USAEC 1972), these functions account for 92% of costs coded to SIC 7301. The remaining 8% are for construction services in the field and thus are i ncl uded here.
Next, what remains on t h e l i s t o f l o c a l purchases has been doubled i n q u a n t i t y because of t h e s i z e of t h e H a r t s v i l l e p l a n t (4800 MW) r e l a t i v e t o the p r o t o t y p e Philadelphia p l a n t (2400 MW). Our consultants a t t h e New Jersey u t i l i t y f i r m agree t h a t t h i s i s appropriate because t h e p r a c t i c e o f b u i l d i n g r e a c t o r s as two-unit modules means t h a t s i g n i f ic a n t economies a r e r e a l i z e d o n l y w i t h the a d d i t i o n o f a second u n i t t o a one-uni t r e a c t o r . Going from two t o four u n i t s , o r from one t o two modules, on the o t h e r hand, makes a l i n e a r e x t r a p o l a t i o n acceptable.
Labor Inputs
The environmental impact statement (EIS) f o r t h e H a r t s v i l l e p l a n t (NRC 1975) contains an estimate o f c o n s t r u c t i o n employment which we use here as t h e basis f o r our c a l c u l a t i o n s . The f i g u r e s from the E I S a r e year-end c o n s t r u c t i o n f o r c e l e v e l s , but, f o r our purposes here, mean annual f o r c e l e v e l s a r e required. The estimate o f t h e l a t t e r based on t h e former i s presented i n Table 2 . Operation and maintenance (O&M) l a b o r requirements were drawn from I s a r d e t a1 . (1976) and a1 so appear i n Table 2 . Both sets o f f i g u r e s a r e roughly c o n s i s t e n t w i t h those o f Steneh jem and Metzger (1 976). Table 2 . Labor requirements f o r t h e H a r t s v i l l e nuclear power p l a n t Next, t h i s l a b o r -i n p u t schedule must be disaggregated by geographic area, t h a t i s , what p r o p o r t i o n i s assumed t o r e s i d e w i t h i n t h e r e g i o n i n i t i a l l y and what share represents in-migration. An e a r l y r e p o r t by T V~, w i t h 1200 employees a t the s i t e , i n d i c a t e s t h a t 14% o f those employed have moved i n t o t h e region (TVA 1977 ). This i s l e s s than t h e 26% p r o j e c t e d by TVA and may r e f l e c t , as TVA suggests, t h e e f f e c t s o f l o c a l r e c r u i t m e n t and t r a i n i n g . We make the assumption, therefore, t h a t reductions i n .the a n t i c i p a t e d r a t e s o f i n -m i g r a t i o n w i 11 continue f o r t h e course o f . t h e p r o j e c t . I n Table 3 we present the r a t e s o f i n -m i g r a t i o n a n t i c i p a t e d i n NRC 1975 and t h e reduced r a t e s t o be used here. To be .c'onservative, we assumed r a t e reductions o f 60% o f the r a t e o r i g i n a l l y f o r e c a s t r a t h e r than the 54% (14126 x 100) seen t o date. The c a l c u l a t i o n s o f economic impact t h a t f o l l o w r e f l e c t these r a t e s . Should d i f f e r e n t r a t e s be measured a t a l a t e r date o r be seen as more accurate, these c a l c u l a t i o n s should be adjusted accordingly. Likewise, as a d d i t i o n a l data a r e developed, one could apply d i f f e r e n t r a t e s t o d i f f e r e n t groups; f o r example, separate r a t e s could be a p p l i e d t o each c r a f t o r t o t h e O&M force. b~l l a t 60% o f o r i g i n a l f o r e c a s t w i t h t h e exception of year 1 i n which a c t u a l data show t h a t the r a t e was 54% o f t h a t f o r e c a s t .
A f t e r determining t h e time p r o f i l e s o f l a b o r inputs, t h e i n p u t s f wage d o l l a r s t o t h e r e g i o n ' s economy can be s p e c i f i e d . The assumptions regarding average income used i n I s a r d e t a1 . (1976) have n o t been challenged and thus appear reasonable f o r use here once m o d i f i e d t o s u i t l o c a l conditions; t h a t i s , these average income l e v e l s were developed f o r t h e P h i l a d e l p h i a area and must be adjusted f o r t h e H a r t s v i l l e area. Using data from a U.S. Bureau o f Labor S t a t i s t i c s (1972) r e p o r t on union wages i n t h e c o n s t r u c t i o n i n d u s t r y , which were disaggregated by c r a f t and weighted .by t h e r e l a t i v e c r a f t d i s t r i b u t i o n f o r a nuclear p l a n t p r o j e c t using Shurcl i f f ' s method (1977), we estimated t h e average income l e v e l i n t h e H a r t s v i l l e r e g i o n f o r workers on such .a p r o j e c t tt about
75% o f t h a t f o r a s i m i l a r p r o j e c t i n t h e P h i l a d e l p h i a region. This r a t i o i s , assumed t o apply t o O&M and mu1 t i p 1 i e r jobs as w e l l as t o cons t r u c t i o n jobs. Because i t i s disposable income t h a t f i n d s i t s .'way i n t o t h e l o c a l economy, t a x r a t e s must a l s o be estimated t o determine a f t e rt a x incomes t o use i n c a l c u l a t i n g economic impacts.
The average income l e v e l s , assumed t a x rates, and a f t e r -t a x income l e v e l s f o r the H a r t s v i l l e r e g i o n used a r e given i n Source: I s a r d e t a1 . (1976) .
The f i n a l c a l c u l a t i o n t o be made t o complete the p i c t u r e o f wagedo1 l a r i n p u t s t o t h e l o c a l economy includes t h e a p p l i c a t i o n s o f the average a f t e r -t a x annual incomes of Table 4 t o the worker-year t o t a l s nf Tahlr? 2. F i r s t , hswever, ssmc incomcc~ must be discounted Lo dccuur~l; f o r leakages from t h e region. That i s , some workers m i g r a t i n g t o the r e g i o n f o r the p r o j e c t w i l l probably m a i n t a i n homes elsewhere and, as a \ r e s u l t , w i 11 send some p o r t i o n of t h e i r income t o dependents there. Others may send a l e s s e r p o r t i o n o f t h e i r incomes o u t of the r e g i o n f o r o t h e r reasons. These flows a r e termed "leakages" from t h e r e g i o n and do n o t a f f e c t t h e l o c a l economy. Estimates made by TVA i n d l c a t e t h a t approximately 35% of those workers i n -m i g r a t i n g do so w i t h o u t t h e i r families;* thus, these people can be expected t o e x h i b i t higher income leakages than do o t h e r workers. Table 5 shows the assumed leakage r a t e s . Note t h a t , a1 though these i n d i v i d u a l r a t e s a r e c o n s i s t e n t w i t h those used and j u s t i f i e d i n I s a r d e t a1 . (1976) , t h e o v e r a l l ~f f e c t i s l o s s than t h a t estimated i n the e a r l i e r r e p o r t because o f t h e l a r g e r t r a n s i e n t work f o r c e estimated f o r t h e Philadelphia p l a n t ( i .e., no l o c a l r e c r u i tment and t r a i n i n g e f f o r t s were considered i n the e a r l i e r study). D i r e c t infusions o f income i n t o the reg i u r~d l economy can now be c a l c u l a t e d . These r e s u l t s a r e shown i n Table 6 on a year-by-year basis. A d d i t i o n a l information can be developed through t h e use o f Bureau o f Labor S t a t i s t i c s ' estimates of f a m i l y budgets. Table 7 gives an estimated budget f o r a family of four having a r e l a t i v e l y h i g h standard o f l i v i n g i n * Experience through 1 a t e 1976 (1 200 workers a t s i t e ) corroborates t h i s estimate w i t h an a c t u a l r a t e o f about 38% (TVA 1977). Local r e s i d e n t 5
In-mover w i t h f a m i l y 20 30.5a In-mover w i t h o u t family 50
Secondary (mu1 t i p l i e r ) 0 a~h e 30.5% weighted average f o r a1 1 in-movers i s based on t h e TVA estimate o f a 65/35 s p l i t o f w i th/wi t h o u t f a m i l i e s . Table 6 . Dir.ect r e g i o n a l income e f f e c t s from the H a r t s v i l l e nuclear power p l a n t t h e ~a s h v i l l e region, a standard t h a t can be assumed t o be maintainable by t h e wage,levels used. By applying those r a t e s t o t h e f i n a l column o f Table 6 , one can o b t a i n a rough estimate o f t h e f i n a l demand f o r goods and s e r v i c e s
occasioned by t h e wages p a i d t o c o n s t r u c t i o n and O&M workers on a year-by-year basis. Some m o d i f i c a t i o n s o f these r a t e s might be r e q u i r e d t o a1 low f o r t h e f a c t t h a t ' a p o r t i o n o f t h e wages 1 eaked from t h e r e g i o n have already been deducted from the l o c a l direct-income e f f e c t s , and t h e remainder might d i s p r o p o r t i o n a t e l y go t o one o r more elements o f t h e budget. Because t $ e leakage r a t e s a r e low, however, t h i s adjustment i s deemed unnecessary. I n d i r e c t and .Induced E f f e c t s
Given the d i r e c t e f f e c t s on t h e study r e g i o n economy, one can, through a standard mu1 t i p l i e r analysis, estimate t h e t o t a l a n t i c i p a t e d *
Gi,ven the avai 1 a b i 1 i t y o f .a good input-output model f o r ,the study region, t h e final-demand v e c t o r then could be used 'via t h e model t o assess t h e d i r e c t and i n d i r e c t e f f e c t s o f wages p a i d d u r i n g t h e c o n s t r u c t i o n
and O&M stages o f the p l a n t .
impact. Generally, mu1 t i p l i e r a n a l y s i s attempts t o determine how change i n one s e c t o r o f a r e g i o n a l economy induces change i n a l l sectors of t h a t economy, e i t h e r d i r e c t l y o r i n d i r e c t l y . The continuous i n t e r a t i v e p l a y o f forces ( o r round-by-round process o f i n t e r a c t i o n )
, leads t o a s e r i e s o f e f f e c t s i n each sector, i n c l u d i n g t h e o r i g i n a l one; these e f f e c t s need not, though, always be i n t h e same d i r e c t i o n o r o f s i g n i f icant magnitude.
I n t h i s study, t h e i n i t i a l impact on t h e economy r e s u l t s from t h e investment and operating expenses occasioned by t h e d e c i s i o n t o b u i l d , operate, and m a i n t a i n t h e nuclear p l a n t a t H a r t s v i l l e . Wages and payments f o r good and services o r i g i n a t i n g o u t s i d e and spent l o c a l l y are t h e moving f o r c e behind t h e r e g i o n a l expansion. I n t h e present study, we have g r e a t l y s i m p l i f i e d t h e consumption p a t t e r n o f t h e work force and population, and o n l y aggregate f i g u r e s on impact are given.
Future research might s p e c i f y t h e p r e c i s e consumption f u n c t i o n s f o r households, commercial suppl i e r s , and governments ( H i r s c h 1973; I s a r d 1960; Leven 1970). The aggregate m u l t i p l i e r t h a t we employ i s u s e f u l i n an i n i t i a l assessment o f t h e economic impacts o f a new f a c i l i t y i n a region. Obviously, i t f a i l s t o take account o f p r i c e changes, imbalances i n t h e l o c a l economic pattern, c a p a c i t y c o n s t r a i n t s o f t h e e n t e r p r i s e s and l a b o r force, and changes i n t h e i n f r a s t r u c t u r e o f t h e area i n responding t o t h e p r o j e c t e d changes i n demand. I n f a c t , . t h e change i s assumed t o be absorbed r a p i d l y ; c o n s i d e r a t i o n i s n o t given t o a time-lag problem. An overview o f t h e m u l t i p l i e r a n a l y s i s and i n p u t -o u t p u t s t u d i e s c i t e d i n t h e b i b l i o g r a p h y and o t h e r sources provides t h e range o f m u l t i p l i e r s .
The specific m u l t i p l i e r s used were drawn p r i m a r i l y from Stenehjem and Metzger (1976) ; t h e mu1 t i p l i e r s suggested f o r t h e study counties are shown i n Table 8 
. The simple m u l t i p l i e r i s t h e r a t i o o f t o t a l employment i n each county t o basic employment (according t o 1970 U.S. Census employment data). The complex m u l t i p l i e r i s t h e same r a t i o w i t h a s l i g h t l y d i f f e r e n t d e f i n i t i o n o f basic employment. The complex m u l t i p l i e r used here has been determined by e s t i m a t i n g t h e number o f employees whose work i s n o t s t r i c t l y basic i n t h a t i t i s n o t r e l a t e d t o a c t i v i t i e s exported from t h e county and deducting this.number from t h e b a s i c employment f i g u r e used t o compute t h e simple m u l t i p l i e r .
The complex r a t h e r than t h e simple m u l t i p l i e r i s used because the estimates o f c o n s t r u c t i o n and O&M l a b o r made above i n c l u d e b a s i c employment figures as defined f o r t h e complex m u l t i p l i e r . The simple m u l t i p l e r , on t h e o t h e r hand, would be'used f o r any l a b o r r e q u i r e d o u t s i d e t h e p l a n t , such as t h a t f o r improvements i n l o c a l i n f r a s t r u c t u r e (e.g., .road widening o r replacement housing). Such labor, we presume, would have been expended already and i s a m a t t e r of record; accordingly, i t i s n o t i n c l uded here.
We have n o t a l l o c a t e d t h e d i r e c t employment t o each o f t h e s i x counties o f t h e study region. Instead, because o f our i n t e r e s t i n t h e r e g i o n a l impacts, we have chosen t o apply an o v e r a l l m u l t i p l i e r . To do t h i s we have computed a weighted average o f t h e i n d i v i d u a l complex m u l t i p l i e r s from Table 8 , using t h e actual percentage d i s t r i b u t i o n s o f construction-worker residences over t h e s i x counties through September 1976 (TVA 1977) as the weighting f a c t o r s . This y i e l d s a composite comp l e x m u l t i p l i e r f o r t h e five-county r e g i o n o f 2.5.
Thus, f o r every 1 
, N a s h v i l l e ) e x h i b i t s e x c e p t i o n a l l y h i g h mu1 t i p l i e r s re1 a t i v e t o those commonly used i n mu1 t i p l i e r a n a l y s i s . Examination o f t h e Stenehjem and Metzger (1976) mu1 t i p l i e r s f o r a l l U.S. counties i n d i c a t e s t h a t such h i g h m u l t i p l i e r s a r e common t o t h e s e r v i c e -o r i e n t e d urban counties o f t h e Sun B e l t . I t may be t h a t Nashvi 1 l e y unl i ke most mid-South c i t i e s , resembles t h e serviceo r i e n t e d
Sun B e l t c i t i e s . and thus such h i g h m11lt.iplier5 a r e j u s t if i ed. Such a hypothesis should perhaps be i n v e s t i g a t e d .
Source : Stenehjem.and Metzger (1976) .
worker-year o f employment i n t h e p l a n t ( c o n s t r u c t i o n and O&M) , 1 .5 a d d i t i o n a l worker-years o f employment a r e generated w i t h i n t h e region. The a p p l i c a t i o n , i n t h i s r e p o r t , o f t h i s same composite complex mu1 t i p l i e r f o r O&M l a b o r d i f f e r s from t h e approach i n our e a r l i e r work ( I s a r d e t a1 . 1976) i n which a h i g h e r m u l t i p l i e r was used f o r the O&M l a b o r force t o r e f l e c t t h e l e s s t r a n s i e n t nature o f these workers r e l at i v e t o t h e c o n s t r u c t i o n f o r c e . Here, however, t h e r e c r u i t m e n t and t r a i n i n g of l o c a l people f o r t h e p l a n t
v i t i a t e s t h i s d i f f e r e n c e . An i d e n t i c a l mu1 t i p l i e r f o r b o t h c o n s t r u c t i o n and O&M l a b o r imp1 i e s t h a t t h e r e i s no d i f f e r e n c e i n t h e impacts generated by t h e two groups; t h i s
i s an assumptlon t h a t ought t o be reviewed l a t e r from a c t u a l experience. Should such m o n i t o r i n g i n d i c a t e s i g n i f i c a n t d i f f e r e n c e s , a d i f f e r e n t mu1 t i p l i e r f o r O&M l a b o r should be chosen and our f i g u r e s m o d i f i e d a c c o r d i n g l y . Table 9 gives t h e t o t a l r e g i o n a l employment and income e f f e c t s of t h e l a b o r i n p u t s t o t h e p l a n t . -~h e s e f i g u r e s i n c l u d e b o t h . t h e d i r e c t ( o r b a s i c ) employment and income associated w i t h t h e p l a n t (as shown i n Table 6 ) as w e l l as t h e mu1 t i p l i e r jobs and attendant income.. F i g u r e 2 i s a p r o f i l e o f t h e r e g i o n a l employment and income impacts o f t h e k j = leakage r a t e f o r workers of type j ( j = local construction worker, in-mover w i t h family, in-mover without family, O&M worker, o r secondary worker) (see Table 5 ) , E = number of workers of type j . H a r t s v i l l e p l a n t . Note t h a t an immediate generation o f mu1 t i p 1 i e r jobs i s r e f l e c t e d i n thcse f i g u r e s . I n r e a l i t y , some time may pass between t h e i n i t i a l payment o f wages t o basic employment and the appearance o f t h e secondary employment. Accordingly, t h e m u l t i p l i e r income and employment c o u l d be "lagged" s l i g h t l y , although we have chnscn n o t t o do so here. Another way o f l o o k i n g a t the e f f e c t s o f the wages and s a l a r i e s p a i d t o t h e c o n s t r u c t i o n and O&M l a b o r forces on t h e reginnal economy i s t o consider changes i n t h e r e g i o n a l product. Following on w i t h t h e m u l t i p l i e r analysis, t h i s can be done by applying a j u d i c i o u s l y chosen r e g i o n a l product m u l t i p l i e r t o the year-by-year d i r e c t wage and s a l a r y ( i .e., income) f i g u r e s o f Table 6 . This would y i e l d an assessment o f t h e increase i n t o t a l r e g i o n a l production caused by t h e payment o f wages and s a l a r i e s . Such a c a l c u l a t i o n i s e s s e n t i a l l y o n l y a l i n e a r transf o r m a t i o n o f the f i n a l column o f Table 6 and thus has n o t been undertaken here o t h e r than f o r 11 l u s t r a t i v e purposes. The reader should s e l e c t a mu1 t i p 1 i e r f o r t h e s p e c i f i c case under consideration, b u t f o r il l u s t r at i o n here we have assumed a m u l t i p l i e r o f 2.00.
The e f f e c t s o f wages and s a l a r i e s on regional production a r e shown i n Table 11 .
A s~c o n d a r y category of i n d i r c c t and induced e f f e c t s derives from t h e c o n s t r u c t i o n and o p e r a t i o n o f t h e p l a n t and includes t h e economic impacts occasioned by t h e l o c a l purchase o f m a t e r i a l s f o r p l a n t cons t r u c t i o n . (we have assumed t h a t the l o c a l m a t e r i a l s r e q u i r e d f o r O&M a r e n e g l i g i b l e . ) The a n t i c i p a t e d magnitude o f these e f f e c t s can a l s o be c a l c u l a t e d by the a p p l i c a t i o n o f a standard m u l t i p l i e r t o t h e t o t a l value o f m a t e r i a l purchases (Table I ) ; * t h e m u l t i p l i e r used here i s again t h e r e g i o n a l product mu1 t i p l i e r . Should one wish t o have e s t imates o f employment impacts, they would be a r r i v e d a t by c a l c u l a t i o n s based on o v e r a l l production impacts and a knowledge o f t h e l a b o r component o f these changes. This i s e s s e n t i a l l y t h e reverse o f t h e procedure used i n the mu1 t i p l i e r a n a l y s i s o f l a b o r impacts.
The choice o f the r e g i o n a l product m u l t i p l i e r f o r t h e study r e g i o n i s open t o discussion. Obviously, t h e m u l t i p l i e r must be a t l e a s t 1.00 i n t h a t , by d e f i n i t i o n , the t o t a l f i g u r e from Table 1 represents l o c a l purchases. O f course, such a low mu1 t i p l i e r would n o t be adequate because i t imp1 i e s absol u t e l y no r e g i o n a l i n t e r i n d u s t r y dependence. As an upper l i m i t , consider I s a r d e t a l . (1976) i n which, through d e t a i l e d i n p u t -o u t p u t c a l c u l a t i o n s , r e g i o n a l product mu1 t i p l i e r s o f 1.65 and 1.84 were d e r i v e d f o r t h e P h i l a d e l p h i a r e g i o n f o r l a b o r and mater,ial i n p u t s r e s p e c t i v e l y . For t h e H a r t s v i l l e p l a n t , however, such mu1 t i p l i e r s are n o t l i k e l y t o be achieved f o r a t l e a s t two reasons. F i r s t , t h e s t r u ct u r e o f t h e P h i l a d e l p h i a economy i s much more d i v e r s e and e x h i b i t s stronger r e g i o n a l interdependence than t h a t o f the H a r t s v i l l e economy. Second, t h e p r o p o r t i o n o f t o t a l c o n s t r u c t i o n m a t e r i a l s assumed t o be supplied l o c a l l y i n t h e P h i l a d e l p h i a study was about 80%, whereas f o r H a r t s v i l l e t h e f i g u r e i s o n l y 14%. From t h i s l i n e o f reasoning and a f a m i l i a r i t y w i t h the 1 i t e r a t u r e , we chose t o use a mu1 t i p l i e r of 1.50 f o r o u r i n i t i a l assessment.
A simple c a l c u l a t i o n w i l l then i n d i c a t e the sum o f t h e d i r e c t , i n d i r e c t , and induced e f f e c t s o f l o c a l m a t e r i a l purchases f o r t h e cons t r u c t i o n o f t h e H a r t s v i l l e p l a n t . Drawn from t h e assumed l o c a l m a t e r i a l purchase schedule o f Table 1 a t r i x from n a t i o n a l data e x i s t . We believe, however, t h a t t h e incremental worth o f the r e s u l t o f t h e a n a l y s i s from the c o n s t r u c t i o n and o p e r a t i o n o f a l o c a l 1-0 model i s i n s u f f i c i e n t t o j u s t i f y t h e expense o f developing i t . Should one become a v a i l a b l e from o t h e r sources-in t h e near f u t u r e , i t would be i n t e r e s t i n g t o use t h e f i g u r e s o f Table 1 as a final-demand v e c t o r and then t o compare the rrlsu1t.s n f such an 1-0 r u n w i t h t h e m u l t i p l i e r assumed here.
( 2 ) a time-lag f a c t o r t h a t allows time f o r t h e i n d i r e c t and induced e f f e c t s t o r e s u l t from t h e i n i t i a l s t i m u l i o f t h e d i r e c t e f f e c t s . We o r i g i n a l l y t r i e d t o develop a material-requirement schedule through c o n s u l t a t i o n s w i t h TVA b u t were unsuccessful i n our attempts. The time-lag f a c t o r can o n l y be a p p l i e d once t h e schedule has been establ ished. By way o f i l l u s t r a t i o n , however, we have sketched a sigmoid c u r v e ' t y p i c a l o f procurement e f f o r t s on l a r g e c o n s t r u c t i o n p r o j e c t s t o r e p r e s e n t . t h e composite o f t h e two f a c t o r s (Fig. 3 ) . Then, using t h i s curve, we made a very rough estimate ( i n 1975 d o l l a r s ) o f t h e d i s t r i b u t i o n over time o f t h e t o t a l e f f e c t s on t h e r e g i o n a l product o f t h e l o c a l m a t e r i a l purchases (Table 10) . I f one knows something o f t h e l a b o r component o f t h e regional production represented i n Table 10, t h e regional income and employment impacts o f such production can be calculated. W e have n o t looked i n t o t h i s p o i n t s u f f i c i e n t l y t o j u s t i f y c e r t a i n values of t h e necessary factnrs developed i n I s a r d e t a l . (1976) f o r t h e Philadelphia region. The reader can modify our a n a l y s i s as he o r she sees fit. . I n t h e P h i l a d e l p h i a study, a f t e r -t a x wages accounted f o r about onet h i r d o f t h e value o f r e g i o n a l production t h a t was generated by t h e l o c a l purchase o f c o n s t r u c t i o n m a t e r i a l s . D i v i d i n g t h e year-by-year regional p r o d u c t i o n f i g u r e of Table 10 by t h r e e thus y i e l d s a rough approximation o f t h e r e g i o n a l income e f f e c t s . These e f f e c t s are i n d i c a t e d i n Table 11 . Going one step f u r t h e r , d i v i s i o n o f t h e regional income f i g u r e s by t h e approximate a f t e r -t a x annual income y i e l d s regional employment impacts. Because much l o c a l l y purchased m a t e r i a l i s from high-ski1 1 i n d u s t r y (e.g., metal products), a reasonable r a t e t o use f o r i l l u s t r a t i v e purposes i s Finally, the total impacts (direct, indirect, and induced) of the construction and operation of.the Hartsville plant on the regional economy can be presented. In Table 1 .1, the impacts following from labor inputs (Table 9 ) and those 'following from local material inputs (Table 10) were added to indicate the total regional economic impacts.
To put these figures in some perspective, consider them relative to existing levels of employment, income, and population in t.he study region. The peak construction labor force of 5100 workers is only 2% of the total civilian labor force in the.study region. Considering the six counties individually, however, will probably reveal wide variations in this statistic. For example, using the weighting of Table 8 to arrive at an assumed distribution of the peak labor force over the six counties, the construction workers resident in each county as a,percentage of total civilian work force in -the county would be as follows: Tables 9 and 10 was derived from well-justified planning factors (columns 2, 5, and 9). Other figures here are for illustrative pbrposes on11y as explained in the text. (Estimates are given in 1975 dollars.) A d d i t i o n a l l y , considering a1 1 employment impacts a t peak year (about 14,000), we see t h a t t h e f i g u r e represents c l o s e t o 6% o f t h e c i v i 1 i a n work force i n t h e region. Because t h e work f o r c e o f t h e p l a n t i s w e l l p a i d r e l a t i v e t o t h e mean income f o r t h e H a r t s v i l l e region, however, t h e income impacts o f t h e p r o j e c t a t t h e year o f peak l a b o r w i l l be somewhat greater; t h e t o t a l income o f t h e l a b o r f o r c e w i l l be roughly 8 t o 10% o f t h e t o t a l income o f r e s i d e n t s w i t h i n t h e study area. This obviously represents s i g n i f i c a n t impacts on t h e H a r t s v i l l e -N a s h v i l l e area, part i c u l a r l y i f one considers t h e breakdown o f these impacts by economic s e c t o r o r ,geographic subregion (e.g. , trade, h o t e l s ) .
F i n d l y , using t h e assumed r a t e s o f i n -m i g r a t i o n t o t h e r e g i o n given i n Table 3 f o r t h e p r o j e c t and assuming a planning f a c t o r o f 2.5 persons per household, about 4000 in-migrants t o t h e r e g i o n d i r e c t l y associated w i t h t h e p r o j e c t can be expected a t peak. The r a t e o f i nm i g r a t i o n f o r 1960 t o 1970 amounts t o about 20% o f t h e a c t u a l n e t migrat i o n i n t o t h e r e g i o n over t h a t period, again a s i g n i f i c a n t l e v e l , even considering t h a t the broad six-county study r e g i o n includes most o f the Nashvi 1 l e Standard M e t r o p o l i t a n S t a t i s t i c a l Area (SMSA). CONCLUSIONS I n t h i s p a r t o f our research we d e a l t w i t h r e g i o n a l economic impact. W e discussed t h e use o f a methodology and i n d i c a t e d how answers t o d i ff e r e n t kinds o f questions r e l a t i n g t o economic impact can be obtained. The r e s u l t s are, o f course, h i g h l y dependent on t h e assumptions t h a t an a n a l y s t may wish t o make. For examp1e;from t h e assumption t h a t 14% o f m a t e r i a l i n p u t s f o r t h e 4800-MW H a r t s v i l l e nuclear power p l a n t would be purchased i n t h e r e l e v a n t six-county study r e g i o n and t h a t 86% would be irnportcd, and from a host o f ot.her assumptions t h a t we and o t h e r s considered reasonable, we found t h a t :
1. The number o f new jobs might increase from 3320 i n t h e f i r s t year c o n s t r u c t i o n begins t o 13,905 i n t h e f o u r t h year and d e c l i n e t o 115.0 i n t h e n i n t h year, by which time a l l c o n s t r u c t i o n a c t i v i t y shoul d be concl uded.
2.
New income might increase from $37.6 m i l l i o n i n t h e f i r s t year t o $148.2 m i l l i o n i n t h e f o u r t h year and d e c l i n e t o $11.1 m i l l i o n i n t h e n i n t h year.
3. The increase i n t o t a l d o l l a r value o f r e g i o n a l production might r i s e from $83.8 m i l l i o n i n t h e f i r s t year t o $311.9 m i l l i o n i n t h e f o u r t h year and d e c l i n e t o $22.2 m i l l i o n i n t h e n i n t h year.
The impact would be g r e a t e s t i n Trousdale County where we expect t h a t r e s i d e n t c o n s t r u c t i o n workers could c o n s t i t u t e 64% o f t h e c i v i l i a n work f o r c e i n t h e peak year. A l l these magnitudes, however, may vary s i g n i f i c a n t l y under t.he many d i f f e r e n t s e t s o f assumptions t h a t can be examined w i t h t h e f l e x i b l e methodology presented. C a l c u l a t i o n o f m a t e r i a l purchases w i t h i n the Philadelphia region f o r a 2400-MW nuclear p l a n t constructed w i t h i n the region ( A l l f i g u r e s i n thousands o f d o l l a r s ) Two-uni t t o t a l U n i t 1 Cost = C 0 1 . 
